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Streszczenie: 1RUP\ GR SURMHNWRZDQLD SRZLQQ\ VLĊ FKDUDNWHU\]RZDü V\QWHW\F]Q\P
XMĊFLHPSUREOHPyZPHFKDQLNLREFLąĪHĔLZ\PLDURZDQLD1LH]DZV]HWDNMHVWZSU]\SDGNX
eurokoGyZ 3RQLĪHM GRNRQDQR SU]HJOąGX QRUPZVND]XMąF QLHGRVWDWNLZ ]DNUHVLH GHILQLo-
ZDQLD SRMĊü SRGVWDZRZ\FK 1LHMDVQRĞFL SRMDZLDMą VLĊ ZV]ĊG]LH L F]DVHP SURZDG]ą GR
EáĊGQHJR RGF]\W\ZDQLD WUHĞFL QRUP\ 3RUyZQ\ZDQR WHNVW\ QRUP RU\JLQDOQ\FK Z MĊ]\NX
angielskim i icKWáXPDF]HQLDQDMĊ]\NSROVNL=DV\JQDOL]RZDQRQLHĞFLVáRĞFLZRU\JLQDáDFKL
GRGDWNRZR SRZVWDáH SRGF]DV WáXPDF]HQLD -DN ]DZV]H Z V\WXDFMDFK ZąWSOiwych istnieje 
PRĪOLZRĞü RGZRáDQLD VLĊ GR ĞFLVá\FK VIRUPXáRZDĔ ] ]DNUHVXPHFKDQLNL 3RGVXPRZXMąF
uznano koniec]QRĞüQDSUDZ\QRUPWDNE\E\á\QDU]ĊG]LHPSURMHNWRZDQLDDQLHSU]HGPLo-
tem dyskusji jak tutaj. 
6áRZDNOXF]RZHeurokody, mosty, mechanika.
1. Wprowadzenie 
3U]HVáDQNą GR QLQLHMV]HJR DUW\NXáX E\áD G\VNXVMD SRGF]DV NRQIHUHQFML SRĞZLĊFRQHM
G]LDáDOQRĞFL G\GDNW\F]no-naukowej prof. Stefana Piechnika w Krakowie w roku 20021.
:yZF]DVZSURZDG]DQRQRUPĊZ]DNUHVLHNRQVWUXNFMLVWDORZ\FK3.1]ZUyFLáVLĊGRSURI
3LHFKQLNDRNRQVXOWDFMHSURMHNWXQRUP\1D]DS\WDQLHRZDUWRĞüQRUPRZąZVSyáF]\QQLND
we wzorze Eulera w zagadnLHQLX Z\ERF]HQLD RGSRZLHG]LDá REHFQ\ QD NRQIHUHQFML SURI
Zbigniew Mendera – MHGHQ]HZVSyáUHGDNWRUyZQRUP\2GSRZLHGĨZ]DNUHVLHF]DVRZ\P
przekroF]\áD OLPLW SRMHG\QF]HJR Z\VWąSLHQLD MHGQDNĪH VZDGD ZLHORDVSHNWRZRĞü
i MHGQRF]HĞQLH SUHF\]MD DSOLNRZDQHM PHFKDQLNL XVSUDZLHGOLZLDá\ WHQ GRGDWNRZ\ SXQNW
SURJUDPX NRQIHUHQFML 'RGDMP\ ĪH ZáDĞFLZ\ WHPDW R UROL Z\WU]\PDáRĞFL PDWHULDáyZ
w NRQVWUXNFMDFKVWDORZ\FK]RVWDáSU]HND]DQ\ZIRUPLHSLVHPQHMEH]MHMSUH]HQWDFML
Obecnie, wprowadzenie eurokodów jako podstawowycKQRUPQLHE\áRSRSU]HG]RQH
DQLQLHMHVWWDNLQWHQV\ZQLHG\VNXWRZDQHZĞURGRZLVNDFKDNDGHPLFNLFKLLQĪ\QLHUVNLFK
3UyEXMąFSRGMąüG\VNXVMĊQDGHXURNRGDPLZSRQLĪV]\FKUR]ZDĪDQLDFKZ\NRU]\VWXMH
VLĊRJyOQLH]QDQHUHJXá\L]DOHĪQRĞFLSRZV]HFKQLHVWRVRZDQHZ polskiej i obcej literaturze 
WHFKQLF]QHM ] ]DNUHVXPHFKDQLNL QD SU]HVWU]HQL RVWDWQLHJRZLHNX:SLHUZV]HM NROHMQRĞFL
EĊG]LH SU]\ZRáDQLH GHILQLFML PHFKDQLF]Q\FK D QDVWĊSQLH LFK ]DVWRVRZDQLH Z QRUPDFK
Odniesienia bibliograficzne ograniczono do minimum. JakRRU\JLQDá\HXURNRGyZSU]\MĊWR
ZHUVMHZMĊ]\NXDQJLHOVNLP
2. 2GNV]WDáFHQLD- RGNV]WDáFDOQRĞü
2GNV]WDáFHQLHR]QDF]DZ]JOĊGQąPLDUĊGHIRUPDFML:QDMSURVWV]\PSU]\SDGNXMHVWWR
RGQLHVLHQLH ]PLDQ\ Z\PLDUX GR Z\PLDUX SU]\MĊWHJR MDNR ED]RZ\ FR Z NRQVHNZHQFML
prRZDG]L GRZLHONRĞFL EH]Z\PLDURZ\FK: OLWHUDWXU]H SROVNLHM QLH VWRVXMH VLĊ WHUPLQyZ
SU]HPLHV]F]HĔZ]JOĊGQ\FKGHIRUPDFMLZ]JOĊGQ\FKWDNMDNVWRVXMHVLĊZMĊ]\NXURV\MVNLP
otnositielnyje deformacji F]\ Z DQJLHOVNLP JG]LH IXQNFMRQXMą UyZQROHJOH GZLH IRUP\
relative deformation oraz strain : XMĊFLX PDWHPDW\F]QHM WHRULL VSUĊĪ\VWRĞFL VWRVXMH VLĊ
1 Profesora Stefana Piechnika 50 lat pracy dla Politechniki Krakowskiej, Kraków 2002.
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GHILQLFMĊ WHQVRUD RGNV]WDáFHQLD NWyUHJR VNáDGRZH QD]\ZD VLĊ RGNV]WDáFHQLDPLZ\]QDF]a-
nymi wg wzoru : [1], [2] 
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We wzorze (1) zastosowano doSXV]F]DOQ\ VNUyW SU]H] SRPLQLĊFLH V]F]HJyáRZHJR
R]QDF]HQLDNRQILJXUDFMLRGQLHVLHQLD:NRQWHNĞFLHSRZ\ĪV]HMGHILQLFMLVWRVRZDQ\SU]H]
wiele lat termin RGNV]WDáFHQLH MHGQRVWNRZH Z\GáXĪHQLH MHGQRVWNRZH LL /D=e ) oznacza 
ZDUWRĞü RGNV]WDáFHQLD R ZDUWRĞFL  VWRVRZDQH QS Z >@ WM WDNLHPX JG]LH SU]\URVW
GHIRUPDFML RGSRZLDGD Z\PLDURZL ZLHONRĞFL RGQLHVLHQLD 1D V]F]ĊĞFLH WHQ WHUPLQ XOHJD
zanikowi. 
2GNV]WDáFDOQRĞü MHVW ]DSU]HF]HQLHP QLHRGNV]WDáFDOQRĞFL FKDUDNWHU\VW\F]QHM GOD EU\á
QLHVNRĔF]HQLH V]W\ZQ\FK  2GNV]WDáFDOQRĞü WR ]GROQRĞü GR GHIRUPDFML FKZLORZHM OXE
WUZDáHM : >@ ]QDMGXMHP\ Ä(OHPHQW\ RGNV]WDáFDMą VLĊ SRG G]LDáDQLHP REFLąĪHĔ” przy 
czym, np.:  „-HĪHOL HOHPHQW RGNV]WDáFD VLĊ Z WHQ VSRVyE ĪH SáDV]F]\]Q\ MHJR NRĔFRZ\FK
przekrojów nach\ODMą VLĊ Z]JOĊGHP VLHELH R SHZLHQ NąW Gj WR PyZLP\ ĪH HOHPHQW MHVW
zginany”.
:PRQRJUDILL >@ NRQVHNZHQWQLH L NODURZQLH RSHUXMH VLĊ SRMĊFLDPL RGNV]WDáFHQLH
RGNV]WDáFDQLH L SU]HPLHV]F]HQLD REURW\ L SU]HVXQLĊFLD SU]\ F]\P RGNV]WDáFDQLH
RGNV]WDáFDOQRĞü MHVW UR]XPLDQD MDNRSHZLHQSURFHV]áRĪRQ\]SU]HPLHV]F]HĔSRGF]DVJG\
RGNV]WDáFHQLH MHVWPLDUąZ]JOĊGQą W\FKSU]HPLHV]F]HĔ -HGQDNĪH MHGQRF]HVQHZ\VWĊSRZa-
QLHRGNV]WDáFHQLDMDNRPLDU\GHIRUPDFMLRUD]RGNV]WDáFHQLDMDNRRSLVXSURFHVXGHIRUPDFML
PRĪH SURZDG]Lü GR QLHMHGQR]QDF]QRĞFL D QDZHW GR EáĊGX 7DN MHVW Z ZLHOX PLHMVFDFK
eurokodów.
:HXURNRGDFKZZHUVMLRU\JLQDOQHMZ\VWĊSXMądeformations, displacements i strain,
przy czym mamy horizontal displacement, rotation i deflection. Deformation - odpowiada 
RGNV]WDáFDQLX strain – RGNV]WDáFHQLX 5R]UyĪQLHQLH SRPLĊG]\ deformation i strain jest 
NODURZQHLEH]G\VNXV\MQHZVND]\ZDQHVąUyĪQH]DJDGQLHQLD]DSRPRFąUyĪQ\FKVáyZ
: RVWDWQLFK ODWDFK VWRVRZDQLH GHIRUPDFML Z SRGUĊF]QLNDFK DNDGHPLFNLFK >@ MHVW
coraz poZV]HFKQLHMV]H L FR ZDĪQH RGVXZD SUREOHP GRP\ĞOQRĞFL ]QDF]HQLD WHUPLQX –
RGNV]WDáFHQLH
=DPLHV]F]RQHZ7DEOLF\Z\U\ZNRZHSU]\NáDG\REUD]XMąZSURZDG]RQHQLHMDVQo-
ĞFLNWyUHGRGDWNRZRNRPSOLNXMąLVWQLHMąF\ZHXURNRGDFKEUDNSUHF\]ML
:SU]\SDGNXPDP\ZáDĞFLZHQD]HZQLFWZRDQJLHOVNLHSRGF]DVJG\WáXPDF]HQLHQD
SROVNLPRĪHSRZRGRZDüQLHMDVQRĞüLQWHUSUHWDFML]DVWRVRZDQ\FKVáyZ:SU]\SDGNXWDN
ZMĊ]\NXDQJLHOVNLPMDNLSROVNLP]DVWRVRZDQREáĊGQHQD]HZQLFWZR
&R GR SXQNWX  WR GáXJRĞü Z\GáXĪHQLD MHVW QRZ\P L RU\JLQDOQ\P SRGHMĞFLHP
w SUREOHPDFKPHFKDQLNLSU]H]FRZ\PDJDGDOV]\FKSRJáĊELRQ\FKVWXGLyZ
: SXQNFLH  Z WáXPDF]HQLX ]QDMGXMHP\ QDGLQWHUSUHWDFMĊ SU]H] GRGDQLH SRMĊFLD
IXQNFMLZSá\ZX
:  SROVNL WáXPDF]HQLH MHVW QLHIRUWXQQH WDN GDOHFH ĪH DĪ QLHMasne. W 6. chodzi 
RF]\ZLĞFLH R Z\PXV]RQH SU]HPLHV]F]HQLD SRGSDUü :  MHĞOL MXĪ RGNV]WDáFHQLD WR
i przemieszczenia lub tylko przemieszczenia. W 8. deformations SU]HWáXPDF]RQR MDNR
HIHNW\ RGG]LDá\ZDĔ FR MHVW GXĪ\P D QDZHW ]D GXĪ\P ]DNUHVHP REHMPXMąF\P FDáą
PHFKDQLNĊ=DVWRVRZDQHWáXPDF]HQLHSRND]XMHĪHUHJXáDZLHUQHJRWáXPDF]HQLDQLH]RVWDáD
zastosowana. 9 – WR SU]\NáDG ZáDĞFLZHJR WáXPDF]HQLD  - « QDOHĪ\ XZ]JOĊGQLDü
deformacje wymuszone. 
11 – WREáąGZRU\JLQDOQHMDQJLHOVNRMĊ]\F]QHMZHUVML3RZLQQRE\üThe strains D(t), a 
WRGODWHJRĪHFDáNRZDQLHREHMPXMHDUJXPHQWF]DVXt DQLHDUJXPHQWDUJXPHQW\SRáRĪHQLD
L Z HIHNFLH NRĔFRZ\P RWU]\PXMHP\ ZDUWRĞü RGNV]WDáFHQLD SR XSá\ZLH F]DVX W GDOHM Z
MHGQRVWNDFKRGNV]WDáFHQLD:\VWĊSXMąFHSRGFDáNąZ\UDĪHQLHPDZáDVQRĞFLVSORWX3ROVNLH
WáXPDF]HQLHMHVWSRSUDZQH0RJáRE\PLHüWDNĪHWUHĞüodksztaácenia D(t) SRXSá\ZLHF]DVX
“t´Z\]QDF]DP\SU]H]FDáNRZDQLH«1D OLĞFLHVWRVRZDQ\FKZ(1-R]QDF]HĔQLH
wprowadzono D(t) oraz Del(t). W 12 – WUHĞüSROVNDMHVWQLHMDVQD7UHĞüSROVNLHJRWHNVWXZSXQNFLH  VXJHUXMH ĪH RGNV]WDáFHQLD WR XJLĊFLD L GUJDQLD 7UHĞü Z SXQNFLH  MHVW
]DJDGNRZD SRZLQQR UDF]HM E\ü:SU]\SDGNX VSUĊĪDQLD SU]H] NRQWURORZDQHZ\PXV]RQH
przemieszczenia, np. lewarowanie na podporach.
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GHILQLFMĊ WHQVRUD RGNV]WDáFHQLD NWyUHJR VNáDGRZH QD]\ZD VLĊ RGNV]WDáFHQLDPLZ\]QDF]a-
nymi wg wzoru : [1], [2] 
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We wzorze (1) zastosowano doSXV]F]DOQ\ VNUyW SU]H] SRPLQLĊFLH V]F]HJyáRZHJR
R]QDF]HQLDNRQILJXUDFMLRGQLHVLHQLD:NRQWHNĞFLHSRZ\ĪV]HMGHILQLFMLVWRVRZDQ\SU]H]
wiele lat termin RGNV]WDáFHQLH MHGQRVWNRZH Z\GáXĪHQLH MHGQRVWNRZH LL /D=e ) oznacza 
ZDUWRĞü RGNV]WDáFHQLD R ZDUWRĞFL  VWRVRZDQH QS Z >@ WM WDNLHPX JG]LH SU]\URVW
GHIRUPDFML RGSRZLDGD Z\PLDURZL ZLHONRĞFL RGQLHVLHQLD 1D V]F]ĊĞFLH WHQ WHUPLQ XOHJD
zanikowi. 
2GNV]WDáFDOQRĞü MHVW ]DSU]HF]HQLHP QLHRGNV]WDáFDOQRĞFL FKDUDNWHU\VW\F]QHM GOD EU\á
QLHVNRĔF]HQLH V]W\ZQ\FK  2GNV]WDáFDOQRĞü WR ]GROQRĞü GR GHIRUPDFML FKZLORZHM OXE
WUZDáHM : >@ ]QDMGXMHP\ Ä(OHPHQW\ RGNV]WDáFDMą VLĊ SRG G]LDáDQLHP REFLąĪHĔ” przy 
czym, np.:  „-HĪHOL HOHPHQW RGNV]WDáFD VLĊ Z WHQ VSRVyE ĪH SáDV]F]\]Q\ MHJR NRĔFRZ\FK
przekrojów nach\ODMą VLĊ Z]JOĊGHP VLHELH R SHZLHQ NąW Gj WR PyZLP\ ĪH HOHPHQW MHVW
zginany”.
:PRQRJUDILL >@ NRQVHNZHQWQLH L NODURZQLH RSHUXMH VLĊ SRMĊFLDPL RGNV]WDáFHQLH
RGNV]WDáFDQLH L SU]HPLHV]F]HQLD REURW\ L SU]HVXQLĊFLD SU]\ F]\P RGNV]WDáFDQLH
RGNV]WDáFDOQRĞü MHVW UR]XPLDQD MDNRSHZLHQSURFHV]áRĪRQ\]SU]HPLHV]F]HĔSRGF]DVJG\
RGNV]WDáFHQLH MHVWPLDUąZ]JOĊGQą W\FKSU]HPLHV]F]HĔ -HGQDNĪH MHGQRF]HVQHZ\VWĊSRZa-
QLHRGNV]WDáFHQLDMDNRPLDU\GHIRUPDFMLRUD]RGNV]WDáFHQLDMDNRRSLVXSURFHVXGHIRUPDFML
PRĪH SURZDG]Lü GR QLHMHGQR]QDF]QRĞFL D QDZHW GR EáĊGX 7DN MHVW Z ZLHOX PLHMVFDFK
eurokodów.
:HXURNRGDFKZZHUVMLRU\JLQDOQHMZ\VWĊSXMądeformations, displacements i strain,
przy czym mamy horizontal displacement, rotation i deflection. Deformation - odpowiada 
RGNV]WDáFDQLX strain – RGNV]WDáFHQLX 5R]UyĪQLHQLH SRPLĊG]\ deformation i strain jest 
NODURZQHLEH]G\VNXV\MQHZVND]\ZDQHVąUyĪQH]DJDGQLHQLD]DSRPRFąUyĪQ\FKVáyZ
: RVWDWQLFK ODWDFK VWRVRZDQLH GHIRUPDFML Z SRGUĊF]QLNDFK DNDGHPLFNLFK >@ MHVW
coraz poZV]HFKQLHMV]H L FR ZDĪQH RGVXZD SUREOHP GRP\ĞOQRĞFL ]QDF]HQLD WHUPLQX –
RGNV]WDáFHQLH
=DPLHV]F]RQHZ7DEOLF\Z\U\ZNRZHSU]\NáDG\REUD]XMąZSURZDG]RQHQLHMDVQo-
ĞFLNWyUHGRGDWNRZRNRPSOLNXMąLVWQLHMąF\ZHXURNRGDFKEUDNSUHF\]ML
:SU]\SDGNXPDP\ZáDĞFLZHQD]HZQLFWZRDQJLHOVNLHSRGF]DVJG\WáXPDF]HQLHQD
SROVNLPRĪHSRZRGRZDüQLHMDVQRĞüLQWHUSUHWDFML]DVWRVRZDQ\FKVáyZ:SU]\SDGNXWDN
ZMĊ]\NXDQJLHOVNLPMDNLSROVNLP]DVWRVRZDQREáĊGQHQD]HZQLFWZR
&R GR SXQNWX  WR GáXJRĞü Z\GáXĪHQLD MHVW QRZ\P L RU\JLQDOQ\P SRGHMĞFLHP
w SUREOHPDFKPHFKDQLNLSU]H]FRZ\PDJDGDOV]\FKSRJáĊELRQ\FKVWXGLyZ
: SXQNFLH  Z WáXPDF]HQLX ]QDMGXMHP\ QDGLQWHUSUHWDFMĊ SU]H] GRGDQLH SRMĊFLD
IXQNFMLZSá\ZX
:  SROVNL WáXPDF]HQLH MHVW QLHIRUWXQQH WDN GDOHFH ĪH DĪ QLHMasne. W 6. chodzi 
RF]\ZLĞFLH R Z\PXV]RQH SU]HPLHV]F]HQLD SRGSDUü :  MHĞOL MXĪ RGNV]WDáFHQLD WR
i przemieszczenia lub tylko przemieszczenia. W 8. deformations SU]HWáXPDF]RQR MDNR
HIHNW\ RGG]LDá\ZDĔ FR MHVW GXĪ\P D QDZHW ]D GXĪ\P ]DNUHVHP REHMPXMąF\P FDáą
PHFKDQLNĊ=DVWRVRZDQHWáXPDF]HQLHSRND]XMHĪHUHJXáDZLHUQHJRWáXPDF]HQLDQLH]RVWDáD
zastosowana. 9 – WR SU]\NáDG ZáDĞFLZHJR WáXPDF]HQLD  - « QDOHĪ\ XZ]JOĊGQLDü
deformacje wymuszone. 
11 – WREáąGZRU\JLQDOQHMDQJLHOVNRMĊ]\F]QHMZHUVML3RZLQQRE\üThe strains D(t), a 
WRGODWHJRĪHFDáNRZDQLHREHMPXMHDUJXPHQWF]DVXt DQLHDUJXPHQWDUJXPHQW\SRáRĪHQLD
L Z HIHNFLH NRĔFRZ\P RWU]\PXMHP\ ZDUWRĞü RGNV]WDáFHQLD SR XSá\ZLH F]DVX W GDOHM Z
MHGQRVWNDFKRGNV]WDáFHQLD:\VWĊSXMąFHSRGFDáNąZ\UDĪHQLHPDZáDVQRĞFLVSORWX3ROVNLH
WáXPDF]HQLHMHVWSRSUDZQH0RJáRE\PLHüWDNĪHWUHĞüodksztaácenia D(t) SRXSá\ZLHF]DVX
“t´Z\]QDF]DP\SU]H]FDáNRZDQLH«1D OLĞFLHVWRVRZDQ\FKZ(1-R]QDF]HĔQLH
wprowadzono D(t) oraz Del(t). W 12 – WUHĞüSROVNDMHVWQLHMDVQD7UHĞüSROVNLHJRWHNVWXZSXQNFLH  VXJHUXMH ĪH RGNV]WDáFHQLD WR XJLĊFLD L GUJDQLD 7UHĞü Z SXQNFLH  MHVW
]DJDGNRZD SRZLQQR UDF]HM E\ü:SU]\SDGNX VSUĊĪDQLD SU]H] NRQWURORZDQHZ\PXV]RQH
przemieszczenia, np. lewarowanie na podporach.
TabelD,QWHUSUHWDFMDSRMĊüSU]HPLHV]F]HQLHRGNV]WDáFHQLHGáXJRĞü- w eurokodach
Lp. EN 1991-2 PN-EN 1991-2
1 d - Deformation (general), vertical deflection d - 2GNV]WDáFHQLH RJyOQLH XJLĊcie 
pionowe
2 dB - Longitudinal relative displacement .. dB - PRGáXĪQHSU]HPiHV]F]HQLHZ]JOĊGQH«
 
3 LT - Expansion length LT – 'áXJRĞüZ\GáXĪHQLD
4 Li - Influence length Li – 'áXJRĞüOLQLLZSá\ZX
EN 1993-2 PN-EN 1993-2
5. imposed deformations to stiffener from strain 
distribution in the web of the crossbeam
wyPXV]RQH RGNV]WDáFHQLD ĪHEUD RG
UR]NáDGX RGNV]WDáFHĔ Z ĞURGQLNX EHONL
poprzecznej
6. Various types of prestress are distinguished … 
(… prestress by imposed deformation of 
supports)
UR]UyĪQLDVLĊUyĪQHURG]DMHVSUĊĪenia … (… 
SU]H]Z\PXV]RQHRGNV]WDáFHQLHSodpór)
7. Deformations should be calculated using the 
frequent load combination.
2GNV]WDáFHQLD REOLF]D VLĊ SU]\ ]aáRĪHQLX
F]ĊVWHMNRPELQDFMLREFLąĪHĔ
8. For structures in which the deformations are 
significant for action effects second order 
analysis may be performed 
W konstrukcjach, w których efekty 
RGG]LDá\ZDĔ Vą ]QDF]QH REOLF]DQLH VLá
ZHZQĊWUzQ\FK PRĪQD SU]HSURZDG]Dü QD
SRGVWDZLHDQDOL]\GUXJLHJRU]ĊGX
EN 1992-2 PN-EN 1992-2
9. ec Compressive strain in the concrete ec RGNV]WDáFHQLHEHWRQXSU]\ĞFiskaniu (ok)
10. For incrementally launched decks imposed 
deformations should be taken into account.
: SU]\SDGNX SU]ĊVHá QaVXZDQ\FK QDOHĪ\
XZ]JOĊGQLDüQDNáDGDMąFHVLĊRGNV]WDáFHQLD
11. The deformations D(t) may be evaluated at time 
“t” by integration of elastic strain increments 
factored by the creep factor J(t,Ĳ) EC
ò tt= t elC dDtJED
0
)(),()(t
RGNV]WDáFHQLDD(t) PRJą E\ü V]acowane w 
czasie “t´ SU]H] FDáNRZDQLH Z F]DVLH
SU]\URVWyZ RGNV]WDáFHĔ VSUĊĪ\VW\FK
SRPQRĪRQ\FK SU]H] IXQNFMĊ SHá]DQLD
J(t,t)EC
ò tt= 1
0
)(),()( elC dDtJED t
EN 1994-2 PN-EN 1994-2
12. Pre-stressing by controlled imposed 
deformations
6SUĊĪHQLH SRSU]H] NRQWUolowane 
RGNV]WDáFHQLDZ\PXV]RQH
13. 7.3 Deformations in bridges
7.3.1 Deflections
7.3.2 Vibrations
2GNV]WDáFHQLDZPostach 
7.3.1 UgiĊcia
7.3.2 Drgania
14. For pre-stress by controlled imposed 
deformations, e.g. by jacking at supports
:SU]\SDGNXVSUĊĪDQLDNRntrolowanego za 
SRPRFą RGNV]WDáFHĔ Z\PXV]RQ\FK QS
GĨZLJQLNyZQDSRGSRUDFK
Sławomir Karaś, Wioleta Czubacka34
3. Shear lag
W eurokodach shear lag jest traktoZDQHMDNRSRMĊFLHHOHPHQWDUQHLQLHMHVW]GHILQLo-
ZDQH : SU]\MĊWHM WX MDNR SRGVWDZRZH RGQLHVLHQLH PRQRJUDILL >@ WR ]DJDGQLHQLH QLH
Z\VWĊSXMH.UyWNL RSLV SUREOHPX ]QDMGXMHP\Z7HRULL VSUĊĪ\VWRĞFL >@ D V]F]HJyáRZ\Z
[6]. 
=áRĪRQRĞü]DJDGQLHQLDSROHJDQDVSU]ĊĪHQLXGZyFKSUREOHPyZV]HURNRĞFLZVSyáSUa-
cująFHM L ĞFLQDQLD Z SyáNDFK – polska nazwa shear lag nie zastosowana w eurokodach.  
3RMĊFLH V]HURNRĞFLZVSyáSUDFXMąFHMZ\ZRG]L VLĊ]]DNUHVXNRQVWUXRZDQLDVWDWNyZ3RUD]
pierwszy jako problem teoretyczny pojDZLáRVLĊZU2,VWRWą]DGDQLDE\áRZ\]QDF]e-
QLH]DNUHVXZVSyáSUDFXMąFHJRSá\W\SyáNL]ĪHEUHP3UREOHPWHQZLą]DQR] PRĪOLZRĞFLą
XWUDW\VWDWHF]QRĞFLSá\WZVWDQLHĞFLVNDQLD
6KHDUODJGRVWU]HĪRQRSyĨQLHMSRGF]DVNRQVWUXRZDQLDSRZáRNQDĪHEUDFKVDPolotów3,
w latach 30-W\FKPLQLRQHJRZLHNX6]F]HJyOQLHZSU]\SDGNDFKSRZáRN WHNVW\OQ\FK áDWZR
REVHUZRZDQRZSHZQ\FKREV]DUDFKPQLHMV]HRGNV]WDáFHQLDQLĪWHZ\QLNDMąFH]HZ]RUX
WM /=s . (2)
:W\PNRQWHNĞFLHVKHDUODJGRW\F]\áUR]FLąJDQLD
: REX SUREOHPDFKPDP\ GR F]\QLHQLD ] SU]HND]\ZDQLHP RGG]LDá\ZDĔZZĊ]áDFK
SRPLĊG]\ ĞURGQLNDPL ĪHEHU D ZVSyáSUDFXMąF\PL ] QLPL SyáNDPL SU]\ F]\P Z REX
SU]\SDGNDFK SU]\F]\Qą MHVW ]PLHQQRĞü UR]NáDGX QDSUĊĪHĔ QRUPDOQ\FK Z SyáFH QLH
Z\QLNDMąFD ]H Z]RUX   'R UR]ZLą]\ZDQLD ]DJDGQLHĔ VWRVRZDQR VSURZDG]HQLH GR
SUREOHPX EU]HJRZHJR WDUF]\ L UR]ZLą]\ZDQLD MHM VSUĊĪ\VWHJR VWDQX UyZQRZDJL4 lub przy 
korzystaniu z metod energetycznych5 .
:NDĪG\P]HXURNRGyZ]Z\MąWNLHP(1GRW\F]ąF\FKSURMHNWRZDQLDSRMawia 
VLĊ shear lag. 
: (1  ]QDMGXMHP\ RGHVáDQLH GR (1 -1-1 i EN 1993-1-5, przy czym w 
pierwszej z tych norm znajdujemy: Shear lag effects and local buckling effects should be 
included by an effective width according to EN 1993-1-5FRR]QDF]DĪHREDSUREOHP\Vą
VSURZDG]RQHGRZ\]QDF]HQLDRGSRZLHGQLHMV]HURNRĞFLZVSyáSUDFXMąFHM
W EN 1993-1-5/1.3.4 znajdujemy: 
the gross cross-section or width reduced for the effects of plate buckling or shear lag or 
both; to distinguish between their effects the word “effective” is clarified as follows:
“effectivep“ denotes effects of plate buckling
“effectives“ denotes effects of shear lag
“effective“ denotes effects of plate buckling and shear lag.
Effectives – GRW\F]\ VWDQyZ WDUF]RZ\FK WM REFLąĪHĔ Z SáDV]F]\ĨQLH Sá\W\
z XZ]JOĊGQLHQLHP HIHNWX ĞFLQDQLD Z SyáNDFK Z\UDĪRQHJR RVWDWHF]QLH SRSU]H] GREUDQLH
RGSRZLHGQLHMV]HURNRĞFLZVSyáSUDFXMąFHMSDWU](1-1-5/3.2 . 
W normie EN 1992-1-QLH]QDMGXMHP\VáyZVKHDUODJ2W\OHMHVWWRG]LZQHĪHZáa-
ĞQLH]DSLVZHXURNRGDFKSRU]ąGNXMHQLHLVWQLHMąFąGRF]DVXLFKUHGDNFMLV\WXDFMHUR]NáDGX
]EURMHQLDZUR]FLąJDQHMSyáFHWHRZQLNDQDGSRGSRUąSRĞUHGQLą=HZ]JOĊGXQDZDJĊWHJR
zagadnienia6 SRQLĪHM]DPLHV]F]DVLĊUHSOLNĊ](1-1-1. 
:WHMQRUPLH]QDMGXMHP\WDNĪHPHWRGĊZ\]QDF]DQLDV]HURNRĞFLZVSyáSUDFXMąFHMSyáNL
ZGĨZLJDU]HWHRZ\PMHGQDNĪHEH]ZLą]DQLDWHJR]DGDQLD]VKHDUODJ
2 John W., On the strains of iron ships, Transactions of the Institution of Naval Architects, 18, 1877; pp. 
98-117.
3 Younger J.E., Metal wing construction, Part II – Mathematical investigations , A.C.T.R. No 3288, 
Material Div., Army Air Corp., 1930.
4 Karman T., Die Mittragende Breite, Beiträge zur Technischen Mechanik und Technischen Physik, August 
Föppl Festschrift, Springer, 1924; 114-127.
5 Reissner E., Analysis of shear lag in box-beams by the principle of minimum of potential energy,
Quartery Applied Mechanics, 4, 1946; 268-278. 
6 .DUDĞ66áRZLN0Distribution of Reinforcement In Tensile Flanges of Concrete T-shape Contionous 
Beam, Journal of Civil Engineering and Architecture, 4, 11 (36), 59-64,  ISSN 1934-7359.
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3. Shear lag
W eurokodach shear lag jest traktoZDQHMDNRSRMĊFLHHOHPHQWDUQHLQLHMHVW]GHILQLo-
ZDQH : SU]\MĊWHM WX MDNR SRGVWDZRZH RGQLHVLHQLH PRQRJUDILL >@ WR ]DJDGQLHQLH QLH
Z\VWĊSXMH.UyWNL RSLV SUREOHPX ]QDMGXMHP\Z7HRULL VSUĊĪ\VWRĞFL >@ D V]F]HJyáRZ\Z
[6]. 
=áRĪRQRĞü]DJDGQLHQLDSROHJDQDVSU]ĊĪHQLXGZyFKSUREOHPyZV]HURNRĞFLZVSyáSUa-
cująFHM L ĞFLQDQLD Z SyáNDFK – polska nazwa shear lag nie zastosowana w eurokodach.  
3RMĊFLH V]HURNRĞFLZVSyáSUDFXMąFHMZ\ZRG]L VLĊ]]DNUHVXNRQVWUXRZDQLDVWDWNyZ3RUD]
pierwszy jako problem teoretyczny pojDZLáRVLĊZU2,VWRWą]DGDQLDE\áRZ\]QDF]e-
QLH]DNUHVXZVSyáSUDFXMąFHJRSá\W\SyáNL]ĪHEUHP3UREOHPWHQZLą]DQR] PRĪOLZRĞFLą
XWUDW\VWDWHF]QRĞFLSá\WZVWDQLHĞFLVNDQLD
6KHDUODJGRVWU]HĪRQRSyĨQLHMSRGF]DVNRQVWUXRZDQLDSRZáRNQDĪHEUDFKVDPolotów3,
w latach 30-W\FKPLQLRQHJRZLHNX6]F]HJyOQLHZSU]\SDGNDFKSRZáRN WHNVW\OQ\FK áDWZR
REVHUZRZDQRZSHZQ\FKREV]DUDFKPQLHMV]HRGNV]WDáFHQLDQLĪWHZ\QLNDMąFH]HZ]RUX
WM /=s . (2)
:W\PNRQWHNĞFLHVKHDUODJGRW\F]\áUR]FLąJDQLD
: REX SUREOHPDFKPDP\ GR F]\QLHQLD ] SU]HND]\ZDQLHP RGG]LDá\ZDĔZZĊ]áDFK
SRPLĊG]\ ĞURGQLNDPL ĪHEHU D ZVSyáSUDFXMąF\PL ] QLPL SyáNDPL SU]\ F]\P Z REX
SU]\SDGNDFK SU]\F]\Qą MHVW ]PLHQQRĞü UR]NáDGX QDSUĊĪHĔ QRUPDOQ\FK Z SyáFH QLH
Z\QLNDMąFD ]H Z]RUX   'R UR]ZLą]\ZDQLD ]DJDGQLHĔ VWRVRZDQR VSURZDG]HQLH GR
SUREOHPX EU]HJRZHJR WDUF]\ L UR]ZLą]\ZDQLD MHM VSUĊĪ\VWHJR VWDQX UyZQRZDJL4 lub przy 
korzystaniu z metod energetycznych5 .
:NDĪG\P]HXURNRGyZ]Z\MąWNLHP(1GRW\F]ąF\FKSURMHNWRZDQLDSRMawia 
VLĊ shear lag. 
: (1  ]QDMGXMHP\ RGHVáDQLH GR (1 -1-1 i EN 1993-1-5, przy czym w 
pierwszej z tych norm znajdujemy: Shear lag effects and local buckling effects should be 
included by an effective width according to EN 1993-1-5FRR]QDF]DĪHREDSUREOHP\Vą
VSURZDG]RQHGRZ\]QDF]HQLDRGSRZLHGQLHMV]HURNRĞFLZVSyáSUDFXMąFHM
W EN 1993-1-5/1.3.4 znajdujemy: 
the gross cross-section or width reduced for the effects of plate buckling or shear lag or 
both; to distinguish between their effects the word “effective” is clarified as follows:
“effectivep“ denotes effects of plate buckling
“effectives“ denotes effects of shear lag
“effective“ denotes effects of plate buckling and shear lag.
Effectives – GRW\F]\ VWDQyZ WDUF]RZ\FK WM REFLąĪHĔ Z SáDV]F]\ĨQLH Sá\W\
z XZ]JOĊGQLHQLHP HIHNWX ĞFLQDQLD Z SyáNDFK Z\UDĪRQHJR RVWDWHF]QLH SRSU]H] GREUDQLH
RGSRZLHGQLHMV]HURNRĞFLZVSyáSUDFXMąFHMSDWU](1-1-5/3.2 . 
W normie EN 1992-1-QLH]QDMGXMHP\VáyZVKHDUODJ2W\OHMHVWWRG]LZQHĪHZáa-
ĞQLH]DSLVZHXURNRGDFKSRU]ąGNXMHQLHLVWQLHMąFąGRF]DVXLFKUHGDNFMLV\WXDFMHUR]NáDGX
]EURMHQLDZUR]FLąJDQHMSyáFHWHRZQLNDQDGSRGSRUąSRĞUHGQLą=HZ]JOĊGXQDZDJĊWHJR
zagadnienia6 SRQLĪHM]DPLHV]F]DVLĊUHSOLNĊ](1-1-1. 
:WHMQRUPLH]QDMGXMHP\WDNĪHPHWRGĊZ\]QDF]DQLDV]HURNRĞFLZVSyáSUDFXMąFHMSyáNL
ZGĨZLJDU]HWHRZ\PMHGQDNĪHEH]ZLą]DQLDWHJR]DGDQLD]VKHDUODJ
2 John W., On the strains of iron ships, Transactions of the Institution of Naval Architects, 18, 1877; pp. 
98-117.
3 Younger J.E., Metal wing construction, Part II – Mathematical investigations , A.C.T.R. No 3288, 
Material Div., Army Air Corp., 1930.
4 Karman T., Die Mittragende Breite, Beiträge zur Technischen Mechanik und Technischen Physik, August 
Föppl Festschrift, Springer, 1924; 114-127.
5 Reissner E., Analysis of shear lag in box-beams by the principle of minimum of potential energy,
Quartery Applied Mechanics, 4, 1946; 268-278. 
6 .DUDĞ66áRZLN0Distribution of Reinforcement In Tensile Flanges of Concrete T-shape Contionous 
Beam, Journal of Civil Engineering and Architecture, 4, 11 (36), 59-64,  ISSN 1934-7359.
W normie EN 1994-V]HURNRĞüZVSyáSUDFXMąFDMHVWZNRQWHNĞFLHVKHDUODJ5.4.1.2 
Effective width of flanges for shear lag), przy czym shear lag jest tu istotne w przypadkach 
SyáHN VWDORZ\FK GĨZLJDUyZ SRGF]DV JG\ V]HURNRĞüZVSyáSUDFXMąFD Sá\W\ EHWRQRZHM MHVW
Z\]QDF]DQDQLH]DOHĪQ\PVFKHPDWHP5\VXQHNEH]]ZLą]NX]VKHDUODJ
: SU]\SDGNX UR]SR]QDZDQLD SU]HELHJX QDSUĊĪHĔ QRUPDOQ\FK Z SáDV]F]\ĨQLH Syáki 
mamy: 5.4.1.2 (8) The transverse distribution of stresses due to shear lag may be taken in 
accordance with EN 1993-1-5, 4.3 for both concrete and steel flanges.
5\V5R]NáDGUR]FLąJDQHJR]EURMHQLDZSyáFHGĨZLJDUDWHRZHJRUHSOLND](1-1-1, rysunek 9.1.
:SROVNLPWáXPDF]HQLXRPDZLDQHMQRUP\ZSURZDG]RQRZPLHMVFHVKHDUODJ– efekt 
V]HURNLFK SDVyZ ]DF]HUSQLĊW\ ] KLVWRU\F]QHJR QD]HZQLFWZD QLHPLHFNLHJR .DUPDQ 7K
i QLHVWRVRZDQ\ZSROVNLHM OLWHUDWXU]H0DP\]DWHPQDVWĊSXMąF\WHNVWPoprzeczny rR]NáDG
QDSUĊĪHĔ QD VNXWHN HIHNWX V]HURNLFK SDVyZ Z SyáNDFK ] EHWRQX L VWDOL PRĪQD SU]\Mąü
zgodnie z EN 1993-1-5, 3.2.22NWyU\MHVWRW\OHQLHZáDĞFLZ\ĪHGRW\F]\SDVyZV]HURNLFK
i nieszerokich, tj. przy otwartym pytaniu co to jest pas szeroki ?; patrz rysunki 3.2 i 3.3 
w EN 1993-1-5.
7UXGQRSRGVXPRZDüSUREOHPVKHDUODJZHXURNRGDFKZW\PZLFKSROVNRMĊ]\F]Q\FK
ZHUVMDFK 1LH]GHILQLRZDQH QLJG]LH VKHDU ODJ MHVW UyĪQLH WUDNWRZDQH QDMF]ĊĞFLHM R]QDF]D
]PLHQQRĞü QDSUĊĪHĔ QRUPDOQ\FK Z SáDV]F]\ĨQLH JáyZQHM SyáNi i jest sprowadzane do 
Z\]QDF]HQLDDGHNZDWQHMV]HURNRĞFLZVSyáSUDFXMąFHMSyáNL: U]HF]\ZLVWRĞFL MHVW]EĊGQHL
PRJáRE\VLĊQLHSRMDZLüFRZ\PRZQLHREUD]XMąQRUP\]ZLą]DQH]EHWRQHP
6KHDU ODJ L V]HURNRĞFL ZVSyáSUDFXMąFHM VWDMH VLĊ ]XSHáQLH ]EĊGQ\ SU]\ Vtosowaniu 
elementów 2D i 3D w MES.
4. '\QDPLND*UDQLF]QHSLHUZV]HF]ĊVWRWOLZRĞFLGUJDĔZáDVQ\FKQ0
W normie EN 1991-]DJDGQLHQLDG\QDPLF]QHPRVWyZVąUR]XPLDQHMDNRHIHNW\Rd-
G]LDáyZDĔ REFLąĪHĔ XĪ\WNRZ\FK SRPLQLĊWH Vą RGG]LDá\ZDQLD ĞURGRZLVNRZH ,VWQLHMH WHĪ
RGPLHQQRĞü Z WUDNWRZDQLX G\QDPLNL Z ]DNUHVLH PRVWyZ GURJRZ\FK D NROHMRZ\FK
W PRVWDFK GURJRZ\FK ZáDĞFLZLH Z\HOLPLQRZDQR SRSU]H] XZ]JOĊGQLHQLH Z PRGHODFK
SRMD]GyZQDGZ\ĪNLZ\QLNDMąFHM]G\QDPLNL8]QDQR]DWHPĪHG\QDPLNDPRĪHE\üXMĊWD
poprzez pewien zapDV QRĞQRĞFL OXE V]W\ZQRĞFL SRZRGRZDQ\ ZDUWRĞFLDPL FLĊĪDUyZ
FKDUDNWHU\VW\F]Q\FK OXE REOLF]HQLRZ\FK =XSHáQLH LQDF]HM MHVW Z SU]\SDGNX PRVWyZ
NROHMRZ\FK 3R]D VWRVRZDQ\P ZF]HĞQLHM Z 3ROVFH PRGHOHP – obecnie LM71 – ze
ZVSyáF]\QQLNLHPG\QDPLF]Q\P]QDMGXMHP\NLONDNU\WHULyZGHF\GXMąF\FKRSURZDG]HQLX
DQDOL]\ G\QDPLF]QHM Z UyĪQ\FK ZDULDQWDFK 6WRVRZDQ\ MHVW WDNĪH ZDUXQHN NRQLHF]Q\
o ]ELHĪQRĞFL DQDOL]\ VWDW\F]QHM ]HZVSyáF]\QQLNLHP G\QDPLF]Q\P ] DQDOL]DPL G\QDPLFz-
nymi.
2GPLHQQRĞü SRGHMĞü Z WUDNWRZDQLXPRVWyZ GURJRZ\FK L NROHMRZ\FK SU]HMDZLD VLĊ
UyZQLHĪSRSU]H]VWRVRZDQHFLĊĪDU\XĪ\WNRZH:SU]\SDGNXPRVWyZGURJRZ\FKZ\VWĊSXMą
PRGHOH SRMD]GyZ Z IRUPLH SRMHG\QF]\FK RVL Nyá OXE SRGZyMQHM NWyUH Vą GDOHNLHM RG
U]HF]\ZLVW\FK VDPRFKRGyZ FLĊĪDURZ\FK UyZQLHĪ FR GR FLĊĪarów modeli. W przypadku 
PRVWyZNROHMRZ\FKZSURZDG]RQHQRZHPRGHOHSRFLąJyZVąEOLVNLHU]HF]\ZLVW\PD nawet 
QRV]ąQD]ZĊSRFLąJyZU]HF]\ZLVW\FK
5R]UyĪQLDQLHPRVWyZGURJRZ\FKRGNROHMRZ\FKPDUyZQLHĪRGELFLHZ nazewnictwie. 
:REXSU]\SDGNDFKLVWQLHMąNODV\ REFLąĪHĔ2NODVLHREFLąĪHQLDGHF\GXMHZVSyáF]\QQLNa,
Sławomir Karaś, Wioleta Czubacka36
MHGQDNĪH SU]\PRVWDFK GURJRZ\FK QRVL QD]ZĊZVSyáF]\QQLND GRVWRVRZDZF]HJR SRGF]DV
JG\ZSU]\SDGNXPRVWyZNROHMRZ\FKQDSLVDQRĪHSRSRPQRĪHQLXSU]H]ZVSyáF]\QQLNa
ZDUWRĞFLFKDUDNWHU\VW\F]Q\FKVWDMąVLĊRQHÄVNODV\ILNRZDQ\PLREFLąĪHQLDPLSLRQRZ\PL´
: ]DNUHVLH ZVWĊSQHJR G\QDPLF]QHJR UR]SR]QDQLD NRQVWUXNFML ]DVWRVRZDQR
XSURV]F]RQą PHWRGĊ RFHQ\ XVWURMX QRĞQHJR SRSU]H] Z\]QDF]HQLH W]Z GROQHM L JyUQHM
SLHUZV]\FKF]ĊVWRWOLZRĞFLGUJDĔZáDVQ\FKQ0; (w normie [7] wzory (6.1-2)): 
§ JyUQHZDUWRĞFLSLHUZV]\FKF]ĊVWRWOLZRĞFLGUJDĔZáDVQ\FK
748,00 76,94 -= Ln , (3)
§ GROQHZDUWRĞFL
ïî
ïí
ì
>
££= - mLprzyL
mLmgdyL
n
2058,23
204/80
592,00 . (4)
8VWURMH QRĞQH Vą WX WUDNWRZDQH MDNR VZRERGQLH SRGSDUWH EHONL VSURZDG]RQH GR RVL
PDWHPDW\F]QHM R GáXJRĞFL L NWyUD MHVW MHG\Q\P SDUDPHWUHP FKDUDNWHU\]XMąF\P PRVW
3RPLQLĊWR LQQHQDMSURVWV]HFKDUDNWHU\VW\NL MDNSROHSU]HNURMXPRPHQWEH]ZáDGQRĞFLF]\
PDVĊ QD MHGQRVWNĊ GáXJRĞFL EHONL SU]\ F]\P Z]yU R NWyU\P WX PRZD MHVW GR SREUDQLD
QLHPDOZNDĪGHMPRQRJUDfii z mechaniki i jest równie prosty:
( ) r÷øöçèæ p= JELn
4
2
0 . (5)
:HXURNRHGDFKMDNZNDĪG\FKQRUPDFKVWRVXMHVLĊUHODFMHVNUDMQLHXSURV]F]RQHFR
QLHR]QDF]DĪHQLHVąZZLHOXSU]\SDGNDFKGREUąFKDUDNWHU\VW\NąG\QDPLF]QąNRQVWUXNFML7.
-HGQDNĪH URG]L VLĊ S\WDQLH F]\ Z WDN ZDĪQHM NZHVWLL MDN RFHQD FR GR NRQLHF]QRĞFL
SURZDG]HQLDDQDOL]\G\QDPLF]QHMSRZ\ĪV]HZ]RU\PRJąE\üRWDNVNUDMQLH]UHGXNRZDQ\FK
WUHĞFLDFK " &]\ PRĪQD ]D LFK SRPRFą RFHQLDü UyZQRU]ĊGQLH GĨZLJDU\ NUDWRZQLFRZH
NROHMRZH R MHĨG]LH JyUą ] PRVWHP EHONRZ\P EODFKRZQLFRZ\P R MHĨG]LH SRĞUHGQLHM  –
PDMąFMHGQRF]HĞQLHMDNRDOWHUQDW\ZĊDQDOL]ĊG\QDPLF]QDRUR]EXGRZDQ\PV]F]HJyáRZ\PL
kosztownym procesie numerycznym ?
W zakresie analiz dynamicznych w normie EN 1991-2 mamy dwa warianty:
§ wg. schematu blokowego z rysunku 6.9 – analiza dynamiczna zgodna z wymaganiami 
zawartymi w punkcie 6.4.6 w zakresie 3RFLąJyZ5]HF]\ZLVW\FK oraz 
§ ZSU]\SDGNXSURVW\FKPRVWyZRGáXJRĞFLGRPPRĪQDVWRVRZDüSRMHG\QF]\3RFLąJ
Uniwersalny z grupy HSLM –BSRZ\ĪHMP–pojedynczy z grupy  HSLM-A .
&]\PVą3RFLąJL5]HF]\ZLVWH "7HQWDERU]GHILQLRZDQRQLHPDOSRNąWQLH:SXQNFLH
6.4.6.1.1, (1)P  mamy: $QDOL]ĊG\QDPLF]QąQDOHĪ\Z\NRQ\ZDü]XZ]JOĊGQLHQLHPZDUWRĞFL
FKDUDNWHU\VW\F]Q\FK REFLąĪHQLD RG RNUHĞORQ\FK 3RFLąJyZ 5]HF]\ZLVWych, przy czym 
EDUG]LHMSUHF\]\MQDMHVW WUHĞüDQJLHOVNRMĊ]\F]QHJRRU\JLQDáX8NWyUDU]HF]\ZLĞFLHGHILQLXMH
SRFLąJLMDNR– RNUHĞORQHGODLQG\ZLGXDOQHJRSURMHNWX
3RFLąJL 8QLZHUVDOQH zdefiniowano czytelnie w 6.4.6.1.1, (3) jako dwie niezaOHĪQH
JUXS\SRFLąJyZ WZRU]ąF\FKZVXPLHSRFLąJL+6/0RUD]V]F]HJyáRZRQDU\VXQNDFK
i 6.13.
:REHF]QDF]QHMOLF]QRĞFL3RFLąJyZ8QLZHUVDOQ\FKNWyUHQDOHĪ\]DVWRVRZDüZDQa-
OL]LH G\QDPLF]QHM SRZVWDMH S\WDQLH R RSW\PDOL]DFMĊ SURZDG]HQLD DQDOL] G\QDPLF]Q\FK "
Zastosowane upros]F]HQLH Z SU]\SDGNX PRĪOLZRĞFL GRERUX SRFLąJX NU\W\F]QHJR MHVW
Z\UDĨQ\PXSURV]F]HQLHPLPRJáRE\E\üUR]V]HU]RQHQDNRQVWUXNFMHFLąJáH
7 Paultre P., Chaallal O., Proulx J., Bridge dynamics and amplification factors – a revive of analytical and 
experimental findings, Can. J. of Civ. Eng., 1992.
8 6.4.6.1.1, (1)P The dynamic analysis shall be undertaken using characteristic values of the loading
from the Real Trains specified for the particular project.
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MHGQDNĪH SU]\PRVWDFK GURJRZ\FK QRVL QD]ZĊZVSyáF]\QQLND GRVWRVRZDZF]HJR SRGF]DV
JG\ZSU]\SDGNXPRVWyZNROHMRZ\FKQDSLVDQRĪHSRSRPQRĪHQLXSU]H]ZVSyáF]\QQLNa
ZDUWRĞFLFKDUDNWHU\VW\F]Q\FKVWDMąVLĊRQHÄVNODV\ILNRZDQ\PLREFLąĪHQLDPLSLRQRZ\PL´
: ]DNUHVLH ZVWĊSQHJR G\QDPLF]QHJR UR]SR]QDQLD NRQVWUXNFML ]DVWRVRZDQR
XSURV]F]RQą PHWRGĊ RFHQ\ XVWURMX QRĞQHJR SRSU]H] Z\]QDF]HQLH W]Z GROQHM L JyUQHM
SLHUZV]\FKF]ĊVWRWOLZRĞFLGUJDĔZáDVQ\FKQ0; (w normie [7] wzory (6.1-2)): 
§ JyUQHZDUWRĞFLSLHUZV]\FKF]ĊVWRWOLZRĞFLGUJDĔZáDVQ\FK
748,00 76,94 -= Ln , (3)
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ì
>
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n
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204/80
592,00 . (4)
8VWURMH QRĞQH Vą WX WUDNWRZDQH MDNR VZRERGQLH SRGSDUWH EHONL VSURZDG]RQH GR RVL
PDWHPDW\F]QHM R GáXJRĞFL L NWyUD MHVW MHG\Q\P SDUDPHWUHP FKDUDNWHU\]XMąF\P PRVW
3RPLQLĊWR LQQHQDMSURVWV]HFKDUDNWHU\VW\NL MDNSROHSU]HNURMXPRPHQWEH]ZáDGQRĞFLF]\
PDVĊ QD MHGQRVWNĊ GáXJRĞFL EHONL SU]\ F]\P Z]yU R NWyU\P WX PRZD MHVW GR SREUDQLD
QLHPDOZNDĪGHMPRQRJUDfii z mechaniki i jest równie prosty:
( ) r÷øöçèæ p= JELn
4
2
0 . (5)
:HXURNRHGDFKMDNZNDĪG\FKQRUPDFKVWRVXMHVLĊUHODFMHVNUDMQLHXSURV]F]RQHFR
QLHR]QDF]DĪHQLHVąZZLHOXSU]\SDGNDFKGREUąFKDUDNWHU\VW\NąG\QDPLF]QąNRQVWUXNFML7.
-HGQDNĪH URG]L VLĊ S\WDQLH F]\ Z WDN ZDĪQHM NZHVWLL MDN RFHQD FR GR NRQLHF]QRĞFL
SURZDG]HQLDDQDOL]\G\QDPLF]QHMSRZ\ĪV]HZ]RU\PRJąE\üRWDNVNUDMQLH]UHGXNRZDQ\FK
WUHĞFLDFK " &]\ PRĪQD ]D LFK SRPRFą RFHQLDü UyZQRU]ĊGQLH GĨZLJDU\ NUDWRZQLFRZH
NROHMRZH R MHĨG]LH JyUą ] PRVWHP EHONRZ\P EODFKRZQLFRZ\P R MHĨG]LH SRĞUHGQLHM  –
PDMąFMHGQRF]HĞQLHMDNRDOWHUQDW\ZĊDQDOL]ĊG\QDPLF]QDRUR]EXGRZDQ\PV]F]HJyáRZ\PL
kosztownym procesie numerycznym ?
W zakresie analiz dynamicznych w normie EN 1991-2 mamy dwa warianty:
§ wg. schematu blokowego z rysunku 6.9 – analiza dynamiczna zgodna z wymaganiami 
zawartymi w punkcie 6.4.6 w zakresie 3RFLąJyZ5]HF]\ZLVW\FK oraz 
§ ZSU]\SDGNXSURVW\FKPRVWyZRGáXJRĞFLGRPPRĪQDVWRVRZDüSRMHG\QF]\3RFLąJ
Uniwersalny z grupy HSLM –BSRZ\ĪHMP–pojedynczy z grupy  HSLM-A .
&]\PVą3RFLąJL5]HF]\ZLVWH "7HQWDERU]GHILQLRZDQRQLHPDOSRNąWQLH:SXQNFLH
6.4.6.1.1, (1)P  mamy: $QDOL]ĊG\QDPLF]QąQDOHĪ\Z\NRQ\ZDü]XZ]JOĊGQLHQLHPZDUWRĞFL
FKDUDNWHU\VW\F]Q\FK REFLąĪHQLD RG RNUHĞORQ\FK 3RFLąJyZ 5]HF]\ZLVWych, przy czym 
EDUG]LHMSUHF\]\MQDMHVW WUHĞüDQJLHOVNRMĊ]\F]QHJRRU\JLQDáX8NWyUDU]HF]\ZLĞFLHGHILQLXMH
SRFLąJLMDNR– RNUHĞORQHGODLQG\ZLGXDOQHJRSURMHNWX
3RFLąJL 8QLZHUVDOQH zdefiniowano czytelnie w 6.4.6.1.1, (3) jako dwie niezaOHĪQH
JUXS\SRFLąJyZ WZRU]ąF\FKZVXPLHSRFLąJL+6/0RUD]V]F]HJyáRZRQDU\VXQNDFK
i 6.13.
:REHF]QDF]QHMOLF]QRĞFL3RFLąJyZ8QLZHUVDOQ\FKNWyUHQDOHĪ\]DVWRVRZDüZDQa-
OL]LH G\QDPLF]QHM SRZVWDMH S\WDQLH R RSW\PDOL]DFMĊ SURZDG]HQLD DQDOL] G\QDPLF]Q\FK "
Zastosowane upros]F]HQLH Z SU]\SDGNX PRĪOLZRĞFL GRERUX SRFLąJX NU\W\F]QHJR MHVW
Z\UDĨQ\PXSURV]F]HQLHPLPRJáRE\E\üUR]V]HU]RQHQDNRQVWUXNFMHFLąJáH
7 Paultre P., Chaallal O., Proulx J., Bridge dynamics and amplification factors – a revive of analytical and 
experimental findings, Can. J. of Civ. Eng., 1992.
8 6.4.6.1.1, (1)P The dynamic analysis shall be undertaken using characteristic values of the loading
from the Real Trains specified for the particular project.
5. Wnioski
7UHĞFL ZF]HĞQLHMV]\FK QRUP PRVWRZ\FK PLDá\ FKDUDNWHU V]F]HJyáRZ\FK Z\PDJDĔ
Z\WU]\PDáRĞFLRZ\FKLNRQVWUXNF\MQ\FK6NRQGHQVRZDQDIRUPDSU]HNáDGDáDVLĊQDQLHZLHONą
REMĊWRĞü.DĪG\]GRNXPHQWyZWHFKQLF]Q\FK WZRU]\á]ZDUWą]DPNQLĊWąFDáRĞüXáDWZLDMąFą
SHáHQ SURFHV SURMHNWRZ\ 1LH E\á\ WR GRNXPHQW\ EH] ZDG R F]\P ĞZLDGF]\ ]QDQ\
Komentarz do normy …9NWyU\VZąREMĊWRĞFLą SU]HNUDF]DáQRUPĊ
(XURNRG\SUDZGRSRGREQLHSRZVWDá\]LQQ\P]DP\VáHP=MHGQHMVWURQ\E\áDWRSUyED
XQLILNDFMLSROHJDMąFHMQDWUDNWRZDQLXPRVWyZVWDORZ\FKMDNRHOHPHQWNRQVWUXNFMLVWDORZ\FK
LZW\PVHQVLH]DZLHUDMąF\SRGVWDZ\ZQRUPDFKRJyOQREXGRZODQ\FKz Z\UyĪQLHQLHPW\ONR
istotnych w mostownictwie elementów w normach mostowych, podobnie jak np. potrakto-
ZDQHVąNRPLQ\VWDORZH
=GUXJLHMVWURQ\PRĪQDRGF]\WDüGLDOHNW\NĊXMĊFLDV]F]HJyáRZHJR]RJyOQ\P1DWR
ZV]\VWNR QDNáDGD VLĊ F]\WHOQ\ ZSá\Z UyĪQ\FK JUXS LQĪ\QLHUVNLFK LQĪ\QLHU\MQ\FK NWyUH
z UDFML VZ\FK WUDG\FML L GRĞZLDGF]HĔ VWRVXMĊ ]EOLĪRQH FKRü MHGQDN Z\UDĨQLH UyĪQH
QD]HZQLFWZR L SU]\NáDGDMą UyĪQą ZDJĊ Z SU]\SDGNDFK UR]SDWU\ZDQLD W\FK VDP\FK
problemów projektowych.
Pojedynczy eurokod w wydrukowany na papierze jest dla projektanta praktycznie 
EH]XĪ\WHF]Q\ :]DMHPQH SRZLą]DQLD UyĪQ\FK GRNXPHQWyZ Vą WDN ]DDZDQVRZDQH ĪH
QLH]EĊGQHMHVWE\G\VSRQRZDüVWRVHPHXURNRGyZRZ\VRNRĞFLSU]\QDMPQLHMGHF\PHWUDE\
QS ]DSURMHNWRZDü QDZHW PDá\ PRVW -HGQRF]HĞQLH MDN VLĊ Z\GDMH QLNW QLH SU]HZLG]LDá
HOHNWURQLF]QHM IRUP\ UHDOL]DFML RGHVáDĔ GR LQQ\FK GRNXPHQWyZ SU]\ F]\PEDUG]R F]ĊVWR
MHVWWRRGZRáDQLH]ZLHOXSR]\FMLGRWHJRVDPHJRDGUHVXFRĞZLDGF]\RZąVNLPVSHFMDOQo-
ĞFLRZ\P SLVDQLX QRUP WDNĪH EH] P\ĞOL R WDNLHM IRUPLH XGRVWĊSQLDQLD HXURNRGyZ 7R
GRGDWNRZR]PQLHMV]DXĪ\WNRZDOQRĞüLWDNUR]ZOHNá\FKGRNXPHQWyZ
(XURNRG\ Z DVSHNFLH PHFKDQLNL NRQVWUXNFML SRND]XMą VLĊ QLHQDMJRU]HM QD SHZQR
SRGF]DVLFKWZRU]HQLDQLHE\áRWRNU\WHULXPSRGVWDZRZHVWąGEUDNMHGQROLWHJRtraktowania 
NRQVWUXNFMLPDWHULDáyZLREFLąĪHĔ$XWRU]\WáXPDF]HĔHXURNRGyZQDMĊ]\NSROVNLSU]\MĊOL
ĪH SRZLQQD RERZLą]\ZDü ]DVDGD ZLHUQHJR WáXPDF]HQLD FR LFK XVSUDZLHGOLZLDáR GR
SRZLHODQLD ZLĊNV]\FK F]\ PQLHMV]\FK EáĊGyZ Z RU\JLQDáDFK 3RPLPR ĪH SROVNLe
ĞURGRZLVNR LQĪ\QLHUyZ PRVWRZ\FK Z\GDMH VLĊ E\ü MHGQROLWH WR MĊ]\N WáXPDF]HĔ XND]XMH
EUDNXQLILNDFMLZQD]HZQLFWZLHDZUĊF]PLHMVFDPLMHVWRGZURWQLHSRMDZLDVLĊQRZRPRZD
:SURZDG]HQLH HXURNRGyZ SU]HELHJáR QLHPDO Z WDMHPQLF\ 7UHĞFL RU\JLQDOQ\FK
i WáXPDFzoQ\FKQRUPE\á\ZáDĞFLZLHQLHGRVWĊSQHSR]DZąVNLPJURQHP]ZLą]DQ\P] PKN. 
2EHFQRĞü HXURNRGyZ Z SURMHNWRZDQLX PRVWyZ RG  U SRZRGXMH ĪH PRĪQD ]ELHUDü
GRĞZLDGF]HQLD ] LFK XĪ\WNRZDQLD ] ]DP\VáHP XVXZDQLD LVWQLHMąF\FK EáĊGyZ L SUDFą QDG
SROVNLPL ]DáąF]QLNDPL NWyUH W\PUD]HPPXV]ąXZ]JOĊGQLDü VSHF\ILNĊSROVNLHJRPRVWRw-
nictwa, np. w mentalnym przyzwyczajeniu, ale i funkcjonowaniu w praktyce, systemu klas 
mostowych od E do A.
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Eurocodes for bridge design versus mechanics
6áDZRPLU.DUDĞ1, Wioleta Czubacka2
1 Road and Bridge Chair, Faculty of Civil Engineering and Architecture, Lublin University of 
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Abstract: Regulations on which designers base their process of designing of any en-
gineer structures should  include and combine mechanics, loads and dimensioning. It is not 
always the case as far as eurocodes are concerned. Ambiguities appear everywhere, which  
sometimes leads to  incorrect understanding of a norm. 
The authors meticulously analysed  basic mechanical terms. Their digressions began 
with  the concepts of strain and deformation that have discrepant definitions in sources from 
other countries. 
The next part of article discusses the concept of „shear lag”. It is treated as an elemen-
tary concept in the eurocodes, although is has not been defined yet. Other sources define it 
as cooperating width and shear strain in the beam flanges or as stretching. Polish translation 
mentions the effect of „wide stripes”. 
The authors focused also on dynamics – especially while discussing first natural fre-
quencies denoted as “n0”. They scrutinised  the norm EN 1991-2 in which dynamic 
problems of bridges are understood as effects of service load when the  environmental 
impact is not included.
As always, in a situation when there is a doubt, it is possible apply the to accurate 
mechanics rules. To sum up, Polish versions of bridge eurocodes should be corrected to be 
unambiguous and useful in a design.
Keywords: eurocodes, bridges, mechanics.
